INTRODUCTION
Nowadays, there is a strong demand for cheap materials with mechanical properties able to withstand the requirements of high power automotive engines. Lamellar graphite cast iron is commonly used in diesel engine applications such as piston rings-cylinder liner where an excellent combination of physical and tribological properties is essential to avoid scuffing and bore polishing issues. The excellent tribological behaviour of lamellar graphite iron alloys is related to the graphite lamellas, which act as solid lubricant agents by feeding onto the tribosurfaces under sliding conditions.
The ratio of ferrite to pearlite in the matrix of lamellar graphite cast irons is known to depend mainly on three parameters like the cooling rate during the eutectoid transformation [1] [2] [3] [4] [5] [6] [7] , the shape and length of lamellar resulting from the solidification step [8, 9] and alloying elements [1, 2, 6, [10] [11] [12] [13] [14] [15] .
The mechanical properties of complex multiphase cast iron alloys are largely affected by chemical composition, cooling rate, and technological melt treatments, all of which can cause local variations in the microstructures of the cast parts, and thus differing local mechanical properties. Hence, predicting of microstructure evolution during solidification is a key factor in ensuring desirable mechanical properties and quality of the final casting. This enables the modelling and prediction of the roomtemperature microstructure and final mechanical properties of a cast component.
PROBLEM SOLUTION-MICROSTRUCTURAL ANALYSIS
For study the influence of composition chemical elements on the mechanical characteristics of lamellar graphite cast iron were analyzed a total of 20 batches. Of the 20 batches for 2 of these, microscopic analysis was performed.
The mechanical properties of the cast iron depend on the quality of the basic structure and on the size, shape and distribution of the graphite. Since the amount of graphite varies only within relatively small limits, the hardness of the cast iron depends mainly on the composition of the base mass. Iron hardness decreases to increase ferrite content and increases in increasing cementite and phosphorus content [16] [17] [18] [19] .
A gross or very open network is unfavorable. The base metal is dark colored to black, while the phosphorus The Scientific Bulletin of VALAHIA University -MATERIALS and MECHANICS -Vol. 16, No. 15 eutectic appears clearly at the grain boundaries as an open-structural structural component [20] [21] [22] [23] [24] [25] .Cast iron with the best wear-resistance properties is of a highphosphate-rich, high-phosphate base and thick graphite blades, as shown in figures 1-4. The gray cast iron has the structural component characteristic of the gray lamellar graphite visible on polished samples. After the etching with nital, the nature of the metallic mass is also highlighted. The structure of a perlite-cementitious gray pigment (stains) contains lamellar graphite without secondary cementitious grains.
The gray phosphorous cast iron has in its structure besides the perlite, ferrite and lamellar graphite, the phosphorus eutectic disposed at the limit of the pearlitic grains, schelet-shaped. The gray cast iron graphite lamellas have a low density, which causes a phenomenon of volume expansion upon solidification (the design of casting molds), which results in a superior quality of the casting surfaces.
EXPERIMENTAL PROCEDURES
The raw materials and auxiliary materials required for cast iron production are: cast iron; scrap iron, free of grease, paint and moisture; dry graphite from the arcing of the arc furnace electrodes containing about 90% carbon; 75% ferrosilicon with 5-15 mm grain size and calcined; dry carbide of 2-7 mm granulation; coagulant of slag; ash soda.
Approximately 100-200 kilograms of residual liquid iron after the previous discharge to which we know exactly the chemical composition after the final test and which corresponds to Table 2 , is added the calculated graphite for 3.1-3.3% C and the cast iron blocks of the known composition. It is filled with iron and cast iron up to 1000 kg. Alloying with ferrophosphorus is done for 0.4-0.5% and for chromium 0.4-0.6%. Heat the liquid bath and send it to the spectral lab to perform the composite analysis for the alloying elements and not only. This sample is particularly concerned with the percentage of carbon that must not exceed 3.3% and the percentage of silicon that must be at this stage of 1.7-1.8%.
The percentage of manganese will be in the range of 0.6-0.9% and maximum sulfur 0.10%. Depending on the percentage achieved for sulfur, it is not desulfurization by spilling into the additional pot and reintroducing the liquid into the furnace.
The temperature before the start of desulphurisation should be 1480-1510 ° C and the shotgun. About 300 kg of liquid iron is discharged into a heated pot over 13.5 kg of carbide. Liquid cast iron is shaken for 5 minutes; the carbide slag is discharged from the pot. The furnace will remain in place all the time until the liquid iron is reintroduced. After desulphurisation, a sample will also be taken to determine the chemical composition in particular to visualize the percentage of sulfur. The addition of aluminum will be about 20 grams.
Once the chemical composition is mastered, the metal bath is heated to 1460-1470 0 C. Under these conditions it can be evacuated and the evacuation is done in a wellheated pot of about 25 kg capacity. When discharging into the pouring furnace, the 75% ferric silicon correction is performed for 2.4-2.9% Si, 100% of the slag is removed. The feeding of the centrifugal casting machine to obtain cast iron cylinders is done with a special heated spoon and properly protected with film sand. The final sample must correspond to the composite chemical composition. After completion of the elaboration and casting, the following chemical compositions and mechanical properties, as shown in Table 2 , were obtained.
For study the influence of composition chemical elements on the mechanical characteristics of lamellar graphite cast iron were analyzed a total of 20 batches. With data from Table 2 , graphical dependencies such as the influence of the carbon, silicon and manganese content on the mechanical properties (Rm, HB). The correlation coefficient is very good, with a value of 0.96, which means that the reproducibility of the experimental data is very good. Regression equations traced for tensile strength and toughness indicate significant correlation coefficients very close to value 1.
As the carbon content increases, there is a decrease in tensile strength and hardness.
This variation is easily observable in the case of obtaining second degree polynomial correlations. To obtain maximum values for this feature, the optimum range for carbon content is 3.3-3.15%. Regarding the analysis of tensile strength and hardness by percentage of silicon, a corresponding correlation coefficient was not obtained. When increasing the silicon content, there is a decrease in hardness and tensile strength. Decreasing the amount of graphite and especially the alloy of silicon iron lead to hardness increase (1% Si increases hardness by 50 HB). Regarding the analysis of tensile strength and hardness according to the percentage of manganese, a corresponding correlation coefficient was not obtained. The mechanical properties are influenced by the action of manganese and sulfur on the degree of graphitization, the percentage of perlite in the structure, the amount and type of sulphides.
The increase in manganese content results in an increase in tensile strength, mainly due to its perlitic action. The hardness of the cast iron is increased when increasing the manganese content, the values obtained for hardness being even higher as the degree of saturation in the carbon of the cast iron is lower.
MODELING OF MECHANICAL PROPERTIES
For the three factors x 1 (%C), x 2 (%Si) and x 3 (%Mn), it is proposed a mathematical model like this : The calculation to determine the regression coefficients values, values are tabulated in Table 3 . 
With the help the test Fischer (F), which is calculated using the equation 6, we had verified if the regression equations obtained previously are good. n -number of experiences (8 experiences); k -three factors studied.
According to Fischer test [26, 27] , equations mathematical model (equations obtained 3, 4 ,5) are correct if F calcul < F tabel (α,k,n) equations proposed model are incorrect or if F calcul >F tabel (α,k,n) (ie not correspond equations 3, 4, 5). Using the test equation Y2 (4), which gives depeneding hardness per unit of carbon content, silicon and manganese, we tried to tested the Fisher. 
The results are presented in Table 6 . Repeating experience the same conditions are obtained these data. According anexes [27] , for α=0.05, h(υ 1 )=3, n(υ 2 )=8, we'll have a F=4.07. Since F calcul < F tabel (α,k,n) , meaning 0.018 < 4.07, it follows that the proposed mathematical model is correct and also the equation: 
correctly describes the correlation between hardness per unit and quantities of carbon, silicon and manganese.
CONCLUSIONS
From equations 3, 4 and 5 we conclude that hardness and traction resistance decrease with increasing carbon, silicon and manganese content (coefficients b1 and b2 are positive).
Carbon and silicon are the most important grafitizing elements, their variation causing the greatest changes in the cast iron structure studied. Carbon is found in cast iron either in free (graphite) or bonded (cementite), and silicon is mostly dissolved in ferrite.
Influence of manganese is relatively low. Increasing manganese content leads in the first part to the reduction of bound carbon, so in this case the manganese exhibits a grafitizing action. The further increase in manganese content is manifested by its anti-graphitizing action.
Increasing the manganese content results in an increase in traction resistance.
The hardness of the cast iron is also increased when increasing the manganese content, the values obtained for hardness being higher as the degree of carbon saturation of the cast iron is lower.
Statically point of view analisyed the ecuation Y 1 and Y 2 were found "in accordance" on the basis of the Fischer criterion wich means that the model is good and suports the reproductibility of the trial experiments.
In this case the answer variables Y1, Y2 (representing the equation of the mathematical model proposed) has been corelated with x 1 , x 2 , x 3 (representing the variation of percentages of carbon, silicon and manganese according to table 2 and with relations 3,4,5).
From the analyzes carried out it was found that for a high tensile strength the structure of the metallic shell of the cylinders must be perlite.
Pearl-cast iron has high tensile strength but low elongation.
The percentage of ferrite decreases with the increase in the percentage of manganese, because manganese is a perlite element, favoring the appearance of carbides in the structure.
When increasing the silicon content, there is a decrease in hardness and tensile strength. Decreasing the amount of graphite and especially the alloy of silicon iron lead to hardness increase (1% Si increases hardness by 50 HB).
Increasing manganese content leads in the first part to the reduction of bound carbon, so in this case the manganese exhibits a grafitizing action. The further increase in manganese content is manifested by its antigraphitizing action.
